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Description 

The present invention relates to an exhaust gas 
purification system for an internal combustion en- 
gine provided with a zeolite-type NOx reduction 
catalyst in an exhaust conduit of the engine 
wherein a high NOx purification rate of the catalyst 
can be obtained even after the catalyst has been 
degraded. 

Carbon dioxide (CO2) exhausted from auto- 
mobile engines is desired to be reduced for envi- 
ronmental protection, and fuel combustion of en- 
gines at lean air-fuel ratios (lean burn) is one solu- 
tion therefor. However, since a conventional three- 
way catalyst cannot reduce nitrogen oxides (NOx) 
included in the exhaust gas from the lean burn 
engine, it is a problem how to decrease the amount 
of NOx exhausted from the engine to the environ- 
ment. 

As a catalyst capable of reducing NOx under 
oxidizing gas conditions (exhaust gas conditions of 
the lean burn engine), a catalyst constructed of 
zeolite carrying transition metals and reducing NOx 
in the presence of hydrocarbons (HC) is disclosed 
in, for example, Japanese Patent Publications HEI 
1-130735 and HEI 1-135541. 

However, with the zeolite catalyst, there is a 
problem that the catalyst tends to undergo thermal 
degradation which makes it impossible to utilize the 
catalyst effectively. 

An object of the invention is to provide an 
exhaust gas purification system for an internal 
combustion engine with a zeolite catalyst installed 
in an exhaust conduit of the engine, wherein the 
zeolite catalyst can still operate with a considerably 
high NOx purification rate (NOx conversion) even 
after the catalyst has been thermally degraded. 

The above-described object is attained by an 
exhaust gas purification system for an internal 
combustion engine in accordance with the present 
invention. The exhaust gas purification system in- 
cludes an internal combustion engine capable of 
fuel combustion at lean air-fuel ratios and having 
an exhaust conduit, and a catalyst installed in the 
exhaust conduit of the engine. The catalyst may be 
constructed of zeolite carrying at least one metal- 
selected from the group consisting of transition 
metals and noble metals to reduce nitrogen oxides 
included in exhaust gas from the engine under 
oxidizing gas conditions and in the presence of 
hydrocarbons (such catalyst may be called a lean 
NOx catalyst hereinafter). The exhaust gas purifica- 
tion system further includes means for determining 
degradation of the catalyst, and means for increas- 
ing the amount of hydrocarbons supplied to the 
catalyst when the means for determining degrada- 
tion of the catalyst determines that the catalyst has 
been degraded. (This system will be explained as 



first through third embodiments of the invention 
hereinafter.) 

In above, the means for increasing the amount 
of hydrocarbons can be substituted by or may be 

5 used together with means for changing a catalyst 
temperature to a higher temperature side when the 
means for determining degradation of the catalyst 
determines that the catalyst has been degraded. 
(This system will be explained as fourth through six 

to embodiments of the invention hereinafter.) 

An NOx reduction mechanism of the lean NOx 
catalyst is presumed to be a reaction of radicals 
generated through partial oxidation of HC with NOx. 
Therefore, if the amount of HC included in the 

15 exhaust gas is increased, the amount of radicals 
will increase and the NOx purification rate of the 
lean NOx catalyst will be increased. 

In the present invention, the means for deter- 
mining degradation of the catalyst determines the 

20 extent of degradation of the catalyst and increases 
the amount of HC supplied to the catalyst in accor- 
dance with the degradation extent of the catalyst. 
As a result, even if the lean NOx catalyst is ther- 
mally degraded to make the reaction of the radicals 

25 with NOx less active, the supply amount is in- ■ • 
creased in proportion to the degradation extent and 
therefore the amount of radicals is increased, so 
that decrease of the NOx purification rate is sup- 
pressed and the NOx purification rate mayj.be.. i 

30 increased. In this instance, since the amount of >HC 
is increased in accordance with the degradation 
extent of the lean NOx catalyst, the increased 
amount of HC will be optimum to minimize HC 
consumption. 

35 Since a temperature range where the lean NOx 

catalyst can operate with a high NOx purification 
rate shifts to a higher temperature side in accor- 
dance with degradation of the catalyst, decrease of 
the NOx purification rate of the lean NOx catalyst 

40 can be effectively suppressed by changing the 
catalyst temperature to a high temperature side 
using the means for changing the catalyst tempera- 
ture. 

JP-62251415 describes an exhaust gas purify- 
45 ing device for an IC engine, in which fuel evap- 
orated gas is supplied to a catalytic device but only 
when a lean air fuel ratio is detected. 

The above and other objects, features, and 
advantages of the present invention will become 
50 more apparent and will be more readily appre- 
ciated from the following detailed description of the 
preferred embodiments of the invention taken in 
conjunction with the accompanying drawings, in 
which: 

55 FIG. 1 is a flow chart for determining degrada- 
tion of a lean NOx catalyst for an exhaust gas 
purification system for an internal combustion 
engine in accordance with a first embodiment of 
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the present invention; 

FIG. 2 is a graphical representation of a map of 
exhaust gas temperature versus accumulated 
running distance used in calculation by the flow 
chart of FIG. 1 ; 5 
FIG. 3 is a graphical representation of a map of 
object HC concentration versus accumulated 
running distance used in calculation by the flow 
chart of FIG. 1; 

FIG. 4 is a flow chart for changing a catalyst to 
temperature for an exhaust gas purification sys- 
tem for an internal combustion engine in accor- 
dance with the first embodiment of the present 
invention and is applicable to a fourth embodi- 
ment of the present invention; 75 
FIG. 5 is a flow chart for increasing the amount 
of HC for an exhaust gas purification system for 
an internal combustion engine in accordance 
with the first embodiment of the present inven- 
tion and is applicable to the second and third 20 
embodiments and the fourth through sixth em- 
bodiments of the present invention; 
FIG. 6 is a schematic system diagram of an 
exhaust gas purification system for an internal 
combustion engine in accordance with the first 25 
through fifth embodiments of the present inven- 
tion; 

FIG. 7 is a graph illustrating a NOx purification 
rate (NOx conversion) versus lean NOx catalyst 
temperature (or exhaust gas temperature) char- 30 
acteristic; 

FIG. 8 is a flow chart for determining degrada- 
tion of a lean NOx catalyst for an exhaust gas 
purification system for an internal combustion 
engine in accordance with the second embodi- 35 
ment of the present invention and is applicable 
to the fifth embodiment of the invention; 
FIG. 9 is a graphical representation of a map of 
engine load versus engine speed used in cal- 
culation by the flow chart of FIG. 8; 40 
FIG. 10 is a graphical representation of a map of 
temperature modification factor versus purifica- 
tion rate decrease extent used in calculation by 
the flow chart of FIG. 8; 

FIG. 1 1 is a graphical representation of a map of 45 
HC concentration versus purification rate de- 
crease extent used in calculation by the flow 
chart of FIG. 8; 

FIG. 12 is a flow chart for changing a catalyst 
temperature for an exhaust gas purification sys- 50 
tern for an internal combustion engine in accor- 
dance with the second embodiment of the 
present invention and is applicable to the fifth 
embodiment of the present invention; 
FIG. 13 is a graphical representation of a map of 55 
exhaust gas temperature versus ignition timing 
used in calculation by the flow chart of FIG. 12; 



FIG. 14 is a flow chart for determining degrada- 
tion of a lean NOx catalyst in accordance with 
the third embodiment of the present invention; 
FIG. 15 is a graphical representation of a map of 
engine load versus engine speed used in cal- 
culation by the flow chart of FIG. 14; 
FIG. 16 is a graphical representation of a map of 
catalyst degradation extent versus catalyst deg- 
radation function used in calculation by the flow 
chart of FIG. 14; 

FIG. 17 is a graphical representation of a map of 
exhaust gas temperature versus catalyst deg- 
radation used in calculation by the flow chart of 
FIG. 14; 

FIG. 18 is a graphical representation of a map of 
object HC concentration versus catalyst deg- 
radation extent used in calculation by the flow 
chart of FIG. 14; 

FIG. 19 is a flow chart for changing a catalyst 
temperature by controlling the amount of cooling 
wind in accordance with the sixth embodiment 
of the present invention; and 
FIG. 20 is a schematic system, diagram of an 
exhaust gas purification system for an internal 
combustion engine in accordance with the sixth- 
embodiment of the present invention. a :•. 

Six, embodiments of the invention will be ex- 
plained.^. The first through third embodiments - in- 
clude means for increasing the amount of HC as an 
essential element thereof, and the fourth through 
sixth embodiments include means for changing the 
catalyst temperature as an essential element there- 
of. 

Further, the first embodiment, which includes 
means for determining degradation of a catalyst 
based on an accumulated running distance of an 
automobile, is illustrated in FIGS. 1-7. The second 
embodiment, which includes means for studying 
and determing degradation of a catalyst based on 
an accumulated running distance, is illustrated in 
FIGS. 6 and 8-13. The third embodiment, which 
includes means for determining degradation of a 
catalyst based on a temperature difference be- 
tween the inlet gas and the outlet gas of the 
catalyst, is illustrated in FIGS. 6 and 14-18. The 
fourth embodiment, which includes means for de- 
termining degradation of a catalyst based on an 
accumulated running distance of an automobile, is 
illustrated in FIGS. 1-7. The fifth embodiment, 
which includes means for studying and determing 
degradation of a catalyst based on an accumulated 
running distance, is illustrated in FIGS. 6 and 8-13. 
The sixth embodiment includes means for chang- 
ing a catalyst temperature by controlling the 
amount of cooling wind and is illustrated in FIGS. 
19 and 20. 
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FIRST EMBODIMENT 

As illustrated in FIG. 6, an engine 2 capable of 
fuel combustion at lean air-fuel ratios (lean burn 
engine) has an exhaust conduit 4 where a lean 
NOx catalyst 6 is installed. An exhaust gas tem- 
perature control device 8 is installed in a portion of 
the exhaust conduit upstream of the lean NOx 
catalyst 6. When the exhaust gas temperature 
changes, a catalyst temperature of the lean NOx 
catalyst 6 changes according to the change in the 
exhaust gas temperature. A portion of engine cool- 
ing water is lead to the exhaust gas temperature 
control device 8 and the circulation amount of 
cooling water is controlled by a control valve so 
that the exhaust gas temperature control device 8 
can control the exhaust gas temperature. The en- 
gine cooling water-type exhaust gas temperature 
control device 8 may be replaced by other-type 
exhaust gas temperature control devices. For ex- 
ample, a device using introduction of secondary air 
(if the secondary air is introduced into the exhaust 
gas, the exhaust gas temperature is lowered), a 
device using an air-fuel ratio control (if the air-fuel 
ratio is changed to a richer side in a lean air-fuel 
ratio range, the exhaust gas temperature rises), or 
a device using an ignition timing control (if the 
ignition timing, is advanced, the exhaust gas-tem- 
perature is lowered up to a certain ignition timing 
and then rises at further advanced ignition timings) 
may be employed. In the case of diesel engines, 
the exhaust gas temperature control device 8 may 
be replaced by a device using a charging pressure 
control (if the charging pressure is increased, the 
exhaust gas temperature lowers), and a device 
using an intake throttle valve control (if an opening 
degree of the intake throttle valve is made large, 
the exhaust gas temperature lowers). The operation 
of the exhaust gas temperature control device 8 is 
controlled by an electronic control unit (ECU) 10. 

In the portion of the exhaust conduit 4 up- 
stream of the lean NOx catalyst 6, a hydrocarbon 
supply device (HC supply device) is provided. The 
HC supply device includes a hydrocarbon source 
(HC source) 12, a hydrocarbon supply port (HC 
supply port) 14 for introducing the HC from the HC 
source 12 into the portion of the exhaust conduit 4 
upstream of the lean. NOx catalyst 6, and a control 
valve (HC control valve) 16 for controlling the 
amount of HC supplied into the exhaust conduit 4. 
The control valve 16 is driven by a valve drive 
device 18 which is controlled by the ECU 10. 

A first exhaust gas temperature sensor 24 is 
installed in the portion of the exhaust conduit up- 
stream of the lean NOx catalyst 6, and a second 
exhaust gas temperature sensor 20 is installed in a 
portion of the exhaust conduit downstream of the 
lean NOx catalyst 6. Further, an NOx sensor 22 is 



installed in the portion of the exhaust conduit 
downstream of the lean NOx catalyst 6. The output 
signals of these sensors 20, 24, and 22 are fed to 
the ECU 10. Also, a signal of a running distance of 

5 the automobile to which the engine 2 is mounted, 
and signals of an engine load and an engine speed 
are fed to the ECU 10. 

The ECU 10 is constituted by a micro-com- 
puter which includes an input interface, an output 

to interface, an analog/digital converter for converting 
analog signals to digital signals, a read-only mem- 
ory (ROM), a random access memory (ROM), and 
a central processor unit (CPU) for conducting cal- 
culation. The ROM stores the flow charts and maps 

75 of FIGS 1-5, and the calculations are executed in 
the CPU. 

FIG. 1 illustrates a routine for determining a 
degradation extent of the lean NOx catalyst 6 and 
constitutes means for determing degradation of the 

20 catalyst 6. This routine is entered at intervals of 
predetermined periods of time, for example, at 
intervals of fifty milliseconds. 

At step 102, it is determined whether or not the 
ignition switch is turned on. If the ignition switch is 

25 in an OFF state, the routine proceeds to a return 
step because it is necessary to determine degrada- 
tion of the catalyst. If the ignition switch is in an ON 
state at step 102, the routine proceeds to step 104, 
where an accumulated running distance S of the 

30 automobile, to which the engine 2 is mounted, is 
calculated. Then, at step 106, a lower temperature 
limit T1 and an upper temperature limit T2 of a 
temperature range where the lean NOx catalyst 6 
can operate with a high NOx purification rate are 

35 calculated so as to correspond to the calculated 
running distance S using the map of FIG. 2. As 
illustrated in FIG. 2, the values of T1 and T2 
increase in accordance with the degradation extent 
of the lean NOx catalyst, that is, an increase in the 

40 accumulated running distance S. The T1 and T2 
shown in FIG. 7 correspond to those of the lean 
NOx catalyst at an initial state. When the lean NOx 
catalyst 7 is degraded, the temperature where the 
lean NOx catalyst 6 operates with a maximum NOx 

45 purification rate shifts to a higher temperature side, 
from a to b and from b to c in FIG. 7. Then, the 
routine proceeds to step 108, where a lower limit 
TC of an object exhaust gas temperature range is 
replaced by T1 and an upper limit TH of the object 

so exhaust gas temperature range is replaced by T2. 

The routine further proceeds to step 110, 
where an object hydrocarbon concentration H1 is 
calculated based on the calculated accumulated 
running distance S using FIG. 3. When the accu- 

55 mulated running distance increases and the deg- 
radation extent of the lean NOx catalyst 6 in- 
creases, the object amount of HC supplied to the 
lean NOx catalyst 6 should be increased, as shown 
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in FIG. 3, so that the radicals generated through 
partial oxidation of HC are increased to suppress a 
decrease in the NOx purification rate of the lean 
NOx catalyst 6. Then, at step 112, an HC con- 
centration HT, according to which the opening de- 
gree of HC control valve 16 is operated, is replaced 
by the increased H1, and then the routine returns. 

When the data TC, TH, and HT have been 
calculated in the routine of FIG. 1, the catalyst 
temperature is controlled using the routine of FIG. 
4 and the HC amount is increased using the routine 
of FIG. 5. In this instance, the routine of FIG. 4 is 
not essential in the first embodiment, but the rou- 
tine of FIG. 5 is essential in the first embodiment. 

In the routine of FIG. 4, a current exhaust gas 
temperature TE (an output of the exhaust gas tem- 
perature sensor 20) is entered at step 202. Then, at 
step 204, it is determined whether or not the ex- 
haust gas temperature TE is lower than the lower 
limit TC of the object temperature range calculated 
in FIG. 1 . When TE is lower than TC, it is neces- 
sary to increase the exhaust gas temperature and 
the routine proceeds to step 206 where circulation 
of the engine cooling water to the exhaust gas 
temperature control device 8 is stopped. When TE 
is equal to or higher than TC at step 204, the 
routine proceeds to step 208, where it is deter- 
mined whether or not the current exhaust gas tem- 
perature TE is higher than the upper limit TH of the 
object temperature range. If TE is higher than TH, 
it is necessary to lower the exhaust gas tempera- 
ture, and the routine proceeds to step 210 where 
the engine cooling water is circulated to the ex- 
haust gas temperature control device 8. When TE 
is equal to or lower than TH, TE is between TC and 
TH and there is no need to control the exhaust gas 
temperature. Therefore, the routine proceeds to 
step 212 where the previous state is maintained 
and then the routine returns. The routine of FIG. 4, 
the steps 106 and 108 of FIG. 1, and the map of 
FIG. 3, constitute means for changing the catalyst 
temperature (which corresponds to the exhaust gas 
temperature) to a richer side when the lean NOx 
catalyst 6 has been degraded. 

FIG. 5 illustrates a routine for increasing the 
amount of HC. This routine is entered at intervals 
of predetermined periods of time, for example, at 
intervals of fifty milliseconds. At step 302, an intake 
air amount or quantity Q is entered. Then, at step 
304, an object opening degree VA of the HC con- 
trol valve 16 is calculated based on the intake air 
amount Q and the calculated object HC concentra- 
tion HT using a predetermined Q versus HT map 
so that the higher the HC concentration HT is the 
larger the opening degree VA of the HC control 
valve 16 is. Further, the larger the intake air 
amount Q is, the larger the opening degree VA of 
the HC control valve 16 is. Then, at step 306, the 



output VA is sent to the actuator of the HC control 
valve 16 so that the opening degree of the HC 
control valve 16 is adjusted to the opening degree 
VA. In this HC supply amount control, when the 

5 lean NOx catalyst 6 is thermally degraded, the HT 
value is made large at step 112 of FIG. 1, and the 
amount of HC supplied to the lean NOx catalyst 6 
is increased by the routine of FIG. 5, so that 
decrease of the NOx purification rate of the lean 

w NOx catalyst 6 is suppressed or the NOx purifica- 
tion rate is increased. More particularly, even if the 
reaction of HC and NOx is decreased due to deg- 
radation of the lean NOx catalyst 6, the amount of 
HC supplied to the lean NOx catalyst 6 is in- 

75 creased so that the NOx purification rate is in- 
creased as shown by the broken link of FIG. 7. In 
this instance, the step 110 of FIG. 1, FIG. 3, and 
the routine of FIG. 5 constitutes the means for 
increasing the HC amount. 

20 Operation with respect to the first embodiment 
will now be explained. 

When it is determined, based on the accu- 
mulated running distance, that the lean NOx cata- 
lyst 6 has been degraded, the HC amount is in- 

25 creased by the means for increasing the HC 
amount in accordance with the degradation extent 
of the lean NOx catalyst 6. The more degraded the 
catalyst 6 is, the less the NOx purification rate of 
the catalyst 6 is, and the more the HC amount 

30 supplied to the catalyst 6 is, the more the NOx 
purification rate of the catalyst 6 is. Therefore, even 
if the NOx purification characteristic shifts from a to 
b, and from b to c in FIG. 7, due to degradation of 
the catalyst 6, the characteristic line is raised, as 

35 shown by a broken line in FIG. 7, by increasing the 
amount of HC supplied to the catalyst 6. 

Further, if the catalyst temperature is changed 
to a higher side, using the routine of FIG. 4 to- 
gether with the above-described HC amount in- 

40 crease, the NOx purification rate of the lean NOx 
catalyst 6 is further increased. More particularly, 
even if the lean NOx catalyst is degraded, accom- 
panied by a shift of the NOx purification rate peak 
temperature, to a higher temperature side, the 

45 catalyst temperature also is changed to the higher 
side corresponding to the degradation extent of the 
catalyst 6, so that the lean NOx catalyst 6 is always 
used at or near its NOx purification rate peak 
temperature and the NOx purification ability of the 

50 lean NOx catalyst 6 can be extracted for a long 
period of time. 

SECOND EMBODIMENT 

55 The second embodiment differs from the first 
embodiment with regard to the means for deter- 
mining degradation of the lean NOx catalyst 6. 
Further, in the second embodiment, the means for 
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changing the catalyst temperature includes means 
for changing a catalyst temperature using an igni- 
tion timing control. Since structures of other por- 
tions, and the operation of the other portions, are 
the same as those of the first embodiment, only 
the portions different from the first embodiment will 
be explained below. 

FIG. 8 illustrates a routine for studying and 
determining degradation of the lean NOx catalyst 6. 
This routine is entered at intervals of predeter- 
mined periods of time, for example, at intervals of 
fifty milliseconds. At step 402, it is determined 
whether or not the accumulated running distance 
exceeds a predetermined value S, for example, 
2,000 km. When the accumulated running distance 
is less than the predetermined value S, it can be 
presumed that the catalyst 6 is not yet degraded, 
and the routine proceeds to step 404 and the 
subsequent steps where the current output of the 
NOx sensor is studied and stored. When the accu- 
mulated running distance exceeds the predeter- 
mined value S, the catalyst 6 is deemed to have 
been degraded, and the routine proceeds to step 
414 and the subsequent steps where the degrada- 
tion extent of the catalyst 6 is calculated by a 
difference of the current output of the NOx sensor 
and the stored value. Then, the HC amount is 
increased corresponding to the degradation extent 
of the catalyst 6. 

More particularly, at step 404, where it is deter- 
mined whether or not a catalyst degradation study- 
ing condition is satisfied, for example, whether or 
not the current engine operating condition is in a 
warmed-up and usual running condition. If the cur- 
rent condition is not in the catalyst degradation 
studying condition, the routine returns, and if the 
current condition is in the catalyst degradation 
studying condition, the routine proceeds to step 
406. At step 406, the current operating conditions, 
for example, the current engine load Q/N and the 
current engine speed NE are entered. Then, at 
step 408, the stored NOx sensor output Gi cor- 
responding to the current engine operating con- 
ditions is found using the map of engine load 
versus engine speed of FIG. 9. Then, at step 410, 
the stored NOx sensor output Gi is gradually modi- 
fied by the current output N of the NOx sensor 22 
using the equation (N + 9*Gi) / 10 and this modi- 
fied value is stored as Gi in the RAM of the ECU 
10. Then, at step 412, a temperature modification 
factor K which will be used in a routine of FIG. 12 
is set to 0 and an HC concentration HT used in the 
routine of FIG. 5 is set to a basic HC concentration 
H10 which will be obtained in FIG. 11. 

The routine then proceeds from step 402 to 
step 414. At step 414 a determination is made as 
to whether or not a catalyst degradation determin- 
ing condition is satisfied, for example, whether or 



not the current engine operating condition is in a 
warmed-up and usual running condition. If the cur- 
rent condition is not in the catalyst degradation 
determining condition, the routine returns, and if 

5 the current condition is in the catalyst degradation 
determining condition, the routine proceeds to step 
416. At step 416, the current engine load Q/N and 
the current engine speed NE are entered. Then, at 
step 418, the Gi value corresponding to the engine 

10 operating condition is read from the studied and 
stored Gi values. Then, at step 420, from the 
current NOx sensor output N (after the catalyst 
degradation) and the read Gi value (before the 
catalyst degradation), a NOx purification rate de- 

75 crease extent D is calculated rising the equation D 
= N - Gi. The above-described steps 402-420 and 
FIG. 9 constitute the means for determining deg- 
radation of the lean NOx catalyst 6 in the second 
embodiment. 

20 Then, at step 422, a catalyst temperature modi- 

fication factor K is calculated from the NOx pu- 
rification rate decrease extent D using a map of K 
versus D of FIG. 10. As shown in FIG. 10, the 
larger the value D is, the larger the factor K is. 

25 Then, at step 424, an object HC concentration H1 
is calculated using a map of H1 versus D of FIG. 
11. In FIG. 11, the larger the value D is, the larger 
the object concentration H1 is. The initial value of 
H1 is H10. Then, the routine proceeds to step 426, 

30 where HT is replaced by the calculated value H1, 
and then the routine returns. The above-described 
steps 424 and 426 and FIGS. 11 and 5 constitute 
the means for increasing the amount of HC sup- 
plied to the lean NOx catalyst 6 in the second 

35 embodiment. 

FIG. 12 illustrates a routine for ignition timing 
control for changing the catalyst temperature in the 
second embodiment. Since there is a relationship 
between ignition timing and exhaust gas tempera- 

40 ture as shown in FIG. 13, the catalyst temperature 
is controlled by the ignition timing in the second 
embodiment. 

The routine of FIG. 12 is entered at intervals of 
predetermined crank angles, for example at inter- 

45 vals of 30* crank angles. At step 502, a basic 
ignitior timing 0BASE is calculated from the current 
engine load Q/N and the current engine speed NE. 
Then, at step 504, an ignition timing advance 
amount $A is calculated from the equation 0A = K 

so ' Mm, where M N is a constant and K is catalyst 
temperature modification factor calculated in the 
routine of FIG. 8. Then, at steps 506 and 508, the 
value 0A is restricted to a value equal to or less 
than a predetermined value, alpha. Then, the rou- 

55 tine proceeds to step 51 0, where an object ignition 
timing 0 is calculated using the equation 0 - 
0BASE + 0A. Then, at step 512, the ignition timing 
0 is executed, and then the routine returns. In this 
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instance, when the value K is large, the value 9 is 
also large, so that the exhaust gas temperature and 
the catalyst temperature are high. The above-de- 
scribed step 422 of FIG. 8, the map of FIG. 10, and 
the routine of FIG. 12 constitute the means for 
changing the catalyst temperature to a higher side 
when the lean NOx catalyst 6 has been degraded 
in the second embodiment. 

THIRD EMBODIMENT 

The third embodiment differs from the first 
embodiment only in the means for determining 
degradation of the lean NOx catalyst 6. Since the 
structure of the other portions and the operation of 
the other portions are the same as those of the first 
embodiment, only the portions different from those 
of the first embodiment will be explained below. 

FIG. 14 illustrates a routine for determining 
degradation of the lean NOx catalyst 6. This routine 
is entered at intervals of predetermined periods of 
time, for example, at intervals of fifty milliseconds. 
At step 602, a determination is made as to whether 
or not the current engine operating condition is in a 
catalyst degradation determining condition, for ex- 
ample, in a warmed-up and usual running con- 
dition. If the current condition is not in the catalyst 
degradation determining condition, the routine re- 
turns. If the current condition is in the catalyst 
degradation determining condition, the routine pro- 
ceeds to step 604, where the current engine load 
Q/N and the current engine speed NE are entered. 
Then, at step 606, a predetermined reference tem- 
perature difference (delta Ti) between the inlet gas 
and the outlet gas of the lean NOx catalyst 6, 
which corresponds to the engine load and engine 
speed conditions, is read from a map of FIG. 15. 

Then, at step 608, the difference between the 
current inlet gas temperature t1 (output of the tem- 
perature sensor 24) and the current outlet gas 
temperature t2 (output of the temperature sensor 
20) of the lean NOx catalyst 6 is calculated using 
the equation delta t = t2 - 11. Then, at step 610, a 
catalyst degradation function D is calculated as a 
difference between the current temperature differ- 
ence delta t and the reference temperature dif- 
ference delta Ti using the equation D = delta Ti - 
delta t. Then, at step 612, a catalyst degradation 
extent DR is calculated using a map of DR versus 
D map of FIG. 16. In this instance, the steps 604 
through 612 and FIG. 16 constitute the means for 
determining degradation of the lean NOx catalyst 6 
in the third embodiment. 

Then, at step 614, a lower limit T1 and an 
upper limit T2 of an object temperature range for 
the catalyst 6 are calculated based on the catalyst 
degradation extent DR using a map of object tem- 
perature range versus catalyst degradation extent 



of FIG. 17. In FIG. 17, there is a relationship 
between the temperatures T1 and T2 and the deg- 
radation extent DR such that the larger the value 
DR is, the higher the temperatures T1 and T2 are. 

5 Then, at step 616, the lower limit of the object 
temperature range TC is replaced by the calculated 
T1 and the upper limit of the range TH is replaced 
by T2. The control of catalyst temperature is ex- 
ecuted according to the routine of FIG. 4 which 

w was discussed. Then, the routine proceeds to step 
618, where an object HC concentration H1 is cal- 
culated using the map of H1 versus DR of FIG. 18. 
In FIG. 18, there is a relationship between the 
object HC concentration H1 and the degradation 

75 extent DR such that the larger the DR is, the higher 
the HC concentration H1 is. At step 620, the object 
HC concentration HT is replaced by the calculated 
H1. The control of the HC amount is executed 
using the routine of FIG. 5 which was discussed. In 

20 this instance, the steps 618 and 620 and FIG. 18 
constitute the means for increasing the amount of 
hydrocarbons supplied to the lean NOx catalyst 6 
in the third embodiment. Further, the steps 614 and 
616 and FIG. 17 constitute the means for increas- 

25 ing the catalyst temperature when the catalyst 6 
has been degraded in the third embodiment. 

FOURTH EMBODIMENT 

30 An exhaust gas purification system for an inter- 
nal combustion engine of a fourth embodiment is 
illustrated in FIGS. 1-7. The system according to 
the fourth embodiment has the same structure and 
operation as those of the exhaust gas purification 

35 system of the first embodiment except that the 
means for changing a catalyst temperature to a 
higher temperature side is essential in the fourth 
embodiment while such means was not absolutely 
essential in the first embodiment. In contrast, the 

40 means for increasing the amount of hydrocarbons 
supplied to the catalyst 6 was essential in the first 
embodiment, while such means is not absolutely 
essential in the fourth embodiment. Further, in the 
fourth embodiment, means for determining deg- 

45 radation of the lean NOx catalyst 6 determines 
degradation of the catalyst 6 based on an accu- 
mulated running distance of an automobile to which 
the engine 2 is mounted, as in the first embodi- 
ment. 

50 Due to this structure, in the fourth embodiment, 

the catalyst temperature is shifted to a higher tem- 
perature side when the means for determining deg- 
radation of the lean NOx catalyst 6 determines that 
the catalyst 6 has been degraded. As a result, the 

55 maximum NOx purification rate of the catalyst 6 
can be used even after the catalyst 6 has been 
degraded, so that decrease of the NOx purification 
rate of the lean NOx catalyst 6 is suppressed. 
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FIFTH EMBODIMENT 

An exhaust gas purification system for an inter- 
nal combustion engine of a fifth embodiment is 
illustrated in FIGS. 6 and 8-13. The system accord- 
ing to the fifth embodiment has the same structure 
and operation as the exhaust gas purification sys- 
tem of the second embodiment except that the 
means for changing a catalyst temperature to a 
higher temperature side is essential in the fifth 
embodiment while such means was not absolutely 
essential in the second embodiment. In contrast, 
the means for increasing the amount of hydrocar- 
bons supplied to the catalyst 6 was essential in the 
second embodiment, while such means is not ab- 
solutely essential in the fifth embodiment. Further, 
in the fifth embodiment, means for determining 
degradation of the lean NOx catalyst 6 studies and 
determines degradation of the catalyst 6 based on 
an accumulated running distance of an automobile 
to which the engine 2 is mounted, as in the second 
embodiment. 

Due to this structure, in the fifth embodiment, 
the catalyst temperature is shifted to a higher tem- 
perature side when the means for determining deg- 
radation of the lean NOx catalyst 6 determines that 
the catalyst 6 has been degraded. As a result, the 
maximum NOx purification rate of the catalyst 6 
can be used even after the catalyst 6 has been 
degraded, so that decrease of the NOx purification 
rate of the lean NOx catalyst 6 is suppressed. 

SIXTH EMBODIMENT 

An exhaust gas purification system for an inter- 
nal combustion engine in accordance with a sixth 
embodiment is illustrated in FIGS. 19 and 20. The 
internal combustion engine 2, the exhaust conduit 
4, the lean NOx catalyst 6, the inlet gas tempera- 
ture sensor 24, and the outlet gas temperature 
sensor 20 illustrated in FIG. 6 are applicable to the 
sixth embodiment. Further, a cooling water tem- 
perature sensor 32 and a muffler 30 are provided. 

As illustrated in FIG. 20, in the sixth embodi- 
ment, a catalyst temperature control device in- 
cludes an air pump 34 driven by the engine 2, an 
air nozzle 26 for injecting air from the air pump 34 
against a converter case housing the lean NOx 
catalyst 6, and a control valve 28 installed in an air 
conduit connecting the air pump 34 and the air 
nozzle 26. The amount of air injected from the air 
nozzle 26 is controlled by the air control valve 28 
which is controlled by the ECU 10. 

A routine (FIG. 19) for controlling the amount of 
cooling air is stored in the ROM of the ECU 10 and 
the routine is executed in the CPU of the ECU 10. 
This routine of FIG. 19 is entered at intervals of 
predetermined periods of time, for example, at 



intervals of fifty milliseconds. At step 702, the out- 
put of the cooling water temperature sensor 32 is 
entered and it is determined whether or not the 
engine is being warmed based on the cooling 
s water temperature. For example, when the cooling 
water temperature is equal to or lower than 90 • C, 
the engine condition is determined to be during a 
warming condition. When the engine is determined 
to be during a warming condition at step 702, the 
10 routine proceeds to step 710 to close the air con- 
trol valve 28 to stop air injection because the lean 
NOx catalyst 6 should be warmed-up quickly in 
such a condition. 

When the engine is determined to have fin- 
is ished warming-up at step 702, the routine proceeds 
to step 704 where a determination is made as to 
whether or not the current engine operating con- 
dition is in a condition in which engine cooling is 
allowed. For example, if the current engine operat- 
20 ing condition is not in an idling condition, the 
engine operating condition may be deemed to be 
an engine cooling allowable condition, and the rou- 
tine proceeds to step 710 where the air control 
valve 28 is closed. Contrarily, if the current engine 
25 operating condition is in an engine cooling allowa- 
ble condition at step 704, the routine proceeds to 
step 706. 

At step 706, a difference between the output Tl 
of the inlet gas temperature sensor 24 and the 

.30 output TE of the outlet gas temperature sensor 20 
is calculated, and it is determined whether or not 
the temperature difference is larger than a pre- 
determined value TA. When the temperature dif- 
ference is equal to or less than TA, the lean NOx 

35 catalyst 6 is deemed to have been degraded. In 
this instance, the step 706 of FIG. 19 constitutes 
means for determining degradation of the lean NOx 
catalyst 6 of the sixth embodiment. 

When it is determined at step 706 that the lean 

40 NOx catalyst 6 has been degraded, the routine 
proceeds to step 710 where the air control valve 28 
is closed so that cooling of the catalyst 6 is stop- 
ped and the catalyst temperature is changed to a 
higher side. In this instance, the step 710 of FIG. 

45 19 constitutes means for changing a catalyst tem- 
perature to a higher side in the sixth embodiment. 
When it is determined at step 706 that the lean 
NOx catalyst 6 has not yet been degraded, the 
routine proceeds to step 708 where the air control 

so valve 28 is opened so that the catalyst 6 is cooled. 
Other structures and operation of the sixth embodi- 
ment are the same as those of the first embodi- 
ment of the invention. 

In accordance with any embodiment of the 

55 invention, when it is determined by the means for 
determining degradation of a catalyst, that the cata- 
lyst 6 has been degraded, either the amount of HC 
supplied to the catalyst 6 is increased by the 
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means for increasing the amount of HC or the 
catalyst temperature is changed to a higher side by 
the means for changing the catalyst temperature, 
so that, in either case, the NOx purification rate of 
the catalyst 6 is maintained to be high even after 5 
the catalyst 6 has been degraded. 

Claims 

1. An exhaust gas purification system for an inter- io 
nai combustion engine comprising: 

an internal combustion engine (2) capable 
of fuel combustion at lean air-fuel ratios and 
having an exhaust conduit (4); 

a catalyst (6) installed in the exhaust con- 75 
duit (4) of the engine (2) and constructed of 
zeolite, said catalyst carrying at least one met- 
al selected from the group consisting of transi- 
tion metals and noble metals to reduce nitro- 
gen oxides included in exhaust gas from the 20 
engine (2) under oxidizing gas conditions and 
in the presence of hydrocarbons; 

means for determining degradation of the 
catalyst (6); and 

means for increasing the amount of hy- 25 
drocarbons supplied to the catalyst (6) when 
the means for determining degradation of the 
catalyst determines that the catalyst (6) has 
been degraded. 

30 

2. An exhaust gas purification system for an inter- 
nal combustion engine according to claim 1, 
further comprising an exhaust gas temperature 
control device (8) installed in a portion of the 
exhaust conduit (4) upstream of the catalyst 35 
(6). 

3. An exhaust gas purification system for an inter- 
nal combustion engine according to claim 1, 

and further comprising a hydrocarbon supply aq 
device which includes a hydrocarbon source 
(12), a hydrocarbon supply port (14) for in- 
troducing the hydrocarbons from the hydrocar- 
bon source (14) into a portion of the exhaust 
conduit (4) upstream of the catalyst (6), and a 45 
control valve (16), installed in a conduit con- 
necting the hydrocarbon source (12) and the 
hydrocarbon supply port (14), for controlling 
the amount of hydrocarbons supplied into the 
exhaust conduit (4). 50 

4. An exhaust gas purification system for an inter- 
nal combustion engine according to claim 1, 
further comprising: 

a first exhaust gas temperature sensor 55 
(24) installed in a portion of the exhaust con- 
duit (4) upstream of the catalyst (6); 

a second exhaust gas temperature sensor 



(20) installed in a portion of the exhaust con- 
duit (4) downstream of the catalyst (6); and 

an NOx sensor (22) installed in the portion 
of the exhaust gas conduit (4) downstream of 
the catalyst (6). 

5. An exhaust gas purification system for an inter- 
nal combustion engine according to claim 1, 
wherein the means for determining degradation 
of the catalyst comprises means for determin- 
ing degradation of the catalyst (6) based on an 
accumulated running distance of an automobile 
to which the engine (2) is mounted. 

6. An exhaust gas purification system for an inter- 
nal combustion engine according to claim 5, 
wherein the means for increasing the amount 
of hydrocarbons includes means for calculating 
an object amount of hydrocarbons to supplied 
to the catalyst (6) such that the larger the 
accumulated running distance is, the more the 
object amount of hydrocarbons to be supplied 
to the catalyst (6) is. 

7. An exhaust gas purification system for an inter- 
nal combustion engine according to claim 5, 
further comprising catalyst temperature chang- 
ing means for calculating upper and lower lim- 
its of an object catalyst temperature range 
such that the more catalyst (6) has been deg- 
raded, the higher the upper and lower limits of 
the object catalyst temperature range are. 

8. An exhaust gas purification system for an inter- 
nal combustion engine according to claim 1, 
wherein the means for determining degradation 
of the catalyst (6) comprises means for modi- 
fying a reference NOx value by a current de- 
tected NOx amount and storing the modified 
reference NOx value until an accumulated run- 
ning distance of an automobile to which the 
engine is mounted finally reaches a predeter- 
mined value, and means for calculating a NOx 
value difference between a current detected 
NOx amount and the stored reference NOx 
value to determine a degradation extent of the 
catalyst (6) based on the NOx value difference. 

9. An exhaust gas purification system for an inter- 
nal combustion engine according to claim 8, 
wherein the means for increasing the amount 
of hydrocarbons supplied to the catalyst (6) 
includes means for calculating an object hy- 
drocarbon concentration based on the calcu- 
lated NOx value difference such that the larger 
the calculated NOx value difference is, the 
higher the object hydrocarbon concentration is. 
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10. An exhaust gas purification system for an inter- 
nal combustion engine according to claim 8, 
further comprising means for calculating a 
catalyst temperature modification factor based 
on the calculated NOx value difference such 
that the larger the calculated NOx value dif- 
ference is, the larger the catalyst temperature 
modification factor is, and means for control- 
ling an object exhaust gas temperature based 
on the calculated catalyst temperature modi- 
fication factor such that the larger the cal- 
culated catalyst temperature modification fac- 
tor is, the higher the object exhaust gas tem- 
perature is. 

11- An exhaust gas purification system for an inter- 
nal combustion engine according to claim 1, 
wherein the means for determining degradation 
of the catalyst (6) includes means for calculat- 
ing a reference temperature difference be- 
tween inlet gas and outlet gas of the catalyst 
(6) at a non-degraded state from an engine 
load versus engine speed map, detecting a 
current temperature difference between the in- 
let gas and the outlet gas of the catalyst (6), 
and calculating a degradation extent of the 
catalyst (6) based on a difference between the 
detected current temperature difference and 
the reference temperature difference. 

12. An exhaust gas purification system for an inter- 
nal combustion engine according to claim 11, 
wherein the means for increasing the amount 
of hydrocarbons supplied to the catalyst (6) 
includes means for calculating an object hy- 
drocarbon concentration bases on the calcu- 
lated degradation extent of the catalyst (6) 
such that the larger the calculated degradation 
extent of the catalyst (6) is, the higher the 
object hydrocarbon concentration is. 

13. An exhaust gas purification system for an inter- 
nal combustion engine according to claim 11, 
further comprising catalyst temperature chang- 
ing means for calculating upper and lower lim- 
its of an object catalyst temperature range 
based on the calculated degradation extent of 
the catalyst (6) such that the larger the cal- 
culated degradation extent of the catalyst (6) 
is, the higher the upper and lower limits of the 
object catalyst temperature range are. 

14. An exhaust gas purification system for an inter- 
nal combustion engine comprising: 

an internal combustion engine (2) capable 
of fuel combustion at lean air-fuel ratios and 
having an exhaust conduit (4); 

a catalyst (6) installed in the exhaust con- 



duit (4) of the engine (2) and constructed of 
zeolite, said catalyst carrying at least one met- 
al selected from the group consisting of transi- 
tion metals and noble metals to reduce nitro- 

5 gen oxides included in exhaust gas from the 

engine under oxidizing gas conditions and in 
the presence of hydrocarbons; 

means for determining degradation of the 
catalyst (6); and 

w means for changing a catalyst temperature 

to a higher side when the means for determin- 
ing degradation of the catalyst (6) determines 
that the catalyst (6) has been degraded. 

75 15. An exhaust gas purification system for an inter- 
nal combustion engine according to claim 14, 
further comprising an exhaust gas temperature 
control device (8) installed in a portion of the 
exhaust conduit (4) upstream of the catalyst 

20 (6). 

16. An exhaust gas purification system for an inter- 
nal combustion engine according to claim 14, 
further comprising a hydrocarbon supply de- 

25 vice which includes a hydrocarbon source (1 2), 

a hydrocarbon supply port (14) for introducing 
the hydrocarbons from the hydrocarbon source 
(12) into a portion of the exhaust conduit (4) 
upstream of the catalyst (6), and a control 

30 valve (16), installed in a conduit connecting the 
hydrocarbon source (12) and the hydrocarbon 
supply port (14), for controlling the amount of 
hydrocarbons supplied into the exhaust conduit 
(4). 

35 

17. An exhaust gas purification system for an inter- 
nal combustion engine according to claim 14, 
further comprising: 

a first exhaust gas temperature sensor 
40 (24) installed in a portion of the exhaust con- 

duit (4) upstream of the catalyst (6); 

a second exhaust gas temperature sensor 
(20) installed in a portion of the exhaust con- 
duit (4) downstream of the catalyst (6); and 
45 an NOx sensor (22) installed in the portion 

of the exhaust gas conduit (4) downstream of 
the catalyst (6). 

18. An exhaust gas purification system for an inter- 
so nal combustion engine according to claim 14, 

wherein the means for determining degradation 
of the catalyst (6) comprises means for deter- 
mining degradation of the catalyst (6) based on 
an accumulated running distance of an auto- 
55 mobile to which the engine (2) is mounted. 

19. An exhaust gas purification system for an inter- 
nal combustion engine according to claim 14, 
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wherein the means for determining degradation 
of the catalyst (6) comprises means for modi- 
fying a reference NOx value by a current de- 
tected NOx amount and storing the modified 
reference NOx value until an accumulated run- 
ning distance of an automobile to which the 
engine (2) is mounted reaches a predeter- 
mined value, and means for calculating an 
NOx value difference between a current de- 
tected NOx amount and the stored reference 
NOx value to determine a degradation extent 
of the catalyst (6) based on the NOx value 
difference. 

20. An exhaust gas purification system for an inter- 
nal combustion engine according to claim 14, 
wherein the exhaust gas temperature control 
device includes an air pump (34), an air nozzle 
(26) for injecting air from the air pump (34) to a 
converter case housing the catalyst (6) therein, 
and a control valve (28) installed in an air 
conduit connecting the air pump (34) and the 
air nozzle (26). 

21. An exhaust gas purification system for an inter- 
nal combustion engine according to claim 20, 
wherein the means for determining degradation 
of the catalyst (6) includes means which deter- 
mines that the catalyst (6) has been degraded 
when a temperature difference between inlet 
gas and outlet gas of the catalyst (6) exceeds 
a predetermined value. 

22. An exhaust gas purification system for an inter- 
nal combustion engine according to claim 21, 
wherein the means for changing a catalyst 
temperature includes means for closing the 
control valve (28) when the means for deter- 
mining degradation of the catalyst (6) deter- 
mines that the catalyst (6) has been degraded. 

Patentanspruche 

1. System zur Reinigung von Abgasen fur eine 
Brennkraftmaschine mit innerer Verbrennung, 
umfassend: 

eine Brennkraftmaschine mit innerer Ver- 
brennung (2), die dazu geeignet ist, Kraftstoff 
bei mageren Kraftstoff- Luft-Verh a Itnissen zu 
verbrennen und die eine Abgasleitung (4) auf- 
weist; 

einen Katalysator (6), der in der Abgaslei- 
tung (4) des Motors (2) angeordnet ist und der 
aus Zeolit aufgebaut ist, wobei der Katalysator 
mindestens ein Metall tragt, das aus der Grup- 
pe ausgewahlt ist, die aus den Ubergangsme- 
tallen und den Edelmetallen besteht, urn Stick- 
oxide, die in dem Abgas des Motors (2) enthal- 



ten sind, unter Bedingungen von oxydieren- 
dem Gas und in der Gegenwart von Kohlen- 
wasserstoffen zu reduzieren; 

ein Mittel zur Bestimmung der Zersetzung 
5 des Katalysators (6); und 

ein Mittel zur Steigerung der Menge der 
Kohlenwasserstoffe, die dem Katalysator (6) 
zugefuhrt werden, wenn das Mittel zur Bestim- 
mung der Zersetzung des Katalysators be- 
w stimmt, daB sich der Katalysator (6) zersetzt 
hat. 

2. System zur Reinigung von Abgasen fur eine 
Brennkraftmaschine mit innerer Verbrennung 

75 nach Anspruch 1, weiters umfassend eine 

Steuer-Vorrichtung (8) fOr die Temperatur des 
Abgases, die in einem Abschnitt der Abgaslei- 
tung (4) stromaufwarts des Katalysators (6) 
angeordnet ist. 

20 

3. System zur Reinigung von Abgasen fur eine 
Brennkraftmaschine mit innerer Verbrennung 
nach Anspruch 1 , weiters umfassend eine Vor- 
richtung zur Zufuhr von Kohlenwasserstoffen, 

25 die eine Kohlenwasserstoff-Quelle (12), einen 

Kohlenwasserstoff-Zufuhr-AnschluB (1 4) zum 
Einfuhren der Kohlenwasserstoffe von der Koh- 
lenwasserstoff-Quelle (14) in einen Abschnitt 
der Abgasleitung (4) stromaufwarts des Kataly- 

30 sators (6) und ein Steuer-Ventil (16) umfaGt, 

das in einer Leitung vorgesehen ist, die die 
Kohlenwasserstoff-Quelle (12) und die Kohlen- 
wasserstoff-Zufuhr-Offnung (1 4) miteinander 
verbindet, urn die Menge der Kohlenwasser- 

35 stoffe zu steuern, die in die Abgasleitung (4) 

gefuhrt werden. 

4. System zur Reinigung von Abgasen fur eine 
Brennkraftmaschine mit innerer Verbrennung 

40 nach Anspruch 1 , weiters umfassend: 

einen ersten Temperatur-Sensor (24) fiir 
das Abgas, der in einem Abschnitt der Abgas- 
leitung (4) stromaufwarts des Katalysators (6) 
angeordnet ist; 

45 einen zweiten Temperatur-Sensor (20) fiir 

das Abgas, der in einem Abschnitt der Abgas- 
leitung (4) strom abwarts des Katalysators (6) 
angeordnet ist; und 

einen NOx-Sensor (22), der in einem Ab- 

so schnitt der Abgasleitung (4) stromabwarts des 

Katalysators (6) angeordnet ist. 

5. System zur Reinigung von Abgasen fur eine 
Brennkraftmaschine mit innerer Verbrennung 

55 nach Anspruch 1 , wobei das Mittel zur Bestim- 

mung der Zersetzung des Katalysators ein Mit- 
tel zur Bestimmung der Zersetzung des Kata- 
lysators (6) auf Basis einer Gesamtfahrstrecke 
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eines Kraftfahrzeuges umfaBt, in dem der Mo- 
tor (2) eingebaut ist. 

6. System zur Reinigung von Abgasen fUr eine 
Brennkraftmaschine mit innerer Verbrennung 
nach Anspruch 5, wobei das Mittel zur Steige- 
rung der Menge der Kohlenwasserstoffe ein 
Mittel zur Berechnung einer Ziel-Menge von 
Kohlenwasserstoffen, die dem Katalysator (6) 
zugefuhrt werden, umfaBt, so daB die Ziel- 
Menge der Kohlenwasserstoffe, die dem Kata- 
lysator (6) zuzufuhren ist, umso groBer ist, je 
groBer die Gesamtfahrstrecke ist. 

7. System zur Reinigung von Abgasen fur eine 
Brennkraftmaschine mit innerer Verbrennung 
nach Anspruch 5, weiters umfassend: ein Mittel 
zur Veranderung der Temperatur des Katalysa- 
tors, urn einen oberen und einen unteren 
Grenzwert eines Ziel-Katalysator-Temperatur- 
Bereiches so zu berechnen, daB der obere und 
der untere Grenzwert des Ziel-Katalysator- 
Temperatur-Bereiches umso groBer wird, je 
mehr sich der Katalysator (6) zersetzt hat. 

8. System zur Reinigung von Abgasen fUr eine 
Brennkraftmaschine mit innerer Verbrennung 
nach Anspruch 1, wobei das Mittel zur Bestim- 
mung der Zersetzung des Katalysators (6) Mit- 
tel zur Abanderung eines Referenz-NOx-Wer- 
tes durch eine laufend erfaBte NOx-Menge und 
zum Speichern des abgeanderten Referenz- 
NOx-Wertes umfaBt, bis die Gesamtfahrstrecke 
eines Kraftfahrzeugs, in das der Motor einge- 
baut ist, letztlich einen vorbestimmten Wert 
erreicht, sowie Mittel zur Berechnung einer 
NOx-Wert-Differenz zwischen einer laufend er- 
faBten NOx-Menge und dem gespeicherten 
Referenz-NOx-Wert, urn ein AusmaB der Zer- 
setzung des Katalysators (6) auf Basis der 
NOx-Wert-Differenz zu bestimmen. 

9. System zur Reinigung von Abgasen fUr eine 
Brennkraftmaschine mit innerer Verbrennung 
nach Anspruch 8, wobei das Mittel zur Steige- 
rung der Menge der Kohlenwasserstoffe, die 
dem Katalysator (6) zugefuhrt werden, ein Mit- 
tel zur Berechnung einer Ziel-Kohlenwasser- 
stoff-Konzentration auf der Basis der berechne- 
ten NOx-Wert-Differenz aufweist, so daB die 
Ziel-Kohlenwasserstoff-Konzentration umso ho- 
her ist, je groBer die berechnete NOx-Wert- 
Differenz ist. 

10. System zur Reinigung von Abgasen fur eine 
Brennkraftmaschine mit innerer Verbrennung 
nach Anspruch 8, weiters umfassend: ein Mittel 
zur Berechnung eines Katalysator-Temperatur- 



Modifikations-Faktors auf der Basis der be- 
rechneten NOx-Wert-Differenz, so daB der Ka- 
talysator-Temperatur-Modifikations-Faktorumso 
groBer ist, je groBer die berechnete NOx-Wert- 

5 Differenz ist; sowie ein Mittel zur Steuerung 

einer Ziel-Abgas-Temperatur auf der Basis des 
berechneten Katalysator-Temperatur-Modifika- 
tions-Faktors, so daB die Ziel-Abgas-Tempera- 
tur umso ho her ist, je groBer der berechnete 

10 Katalysator-Temperatur-Modifikations-Faktor 
ist. 

11- System zur Reinigung von Abgasen fur eine 
Brennkraftmaschine mit innerer Verbrennung 

75 nach Anspruch 1 , wobei das Mittel zur Bestim- 

mung der Zersetzung des Katalysators (6) ein 
Mittel zur Berechnung einer Referenz-Tempe- 
ratur-Differenz zwischen dem einstromenden 
Gas und dem ausstromenden Gas des Kataly- 

20 sators (6) in einem nicht zersetzten Zustand 

aus einer Zuordnung einer Motor-Last uber der 
Motordrehzahl, sowie zum Erfassen einer lau- 
fenden Tern peratur-Diff ere nz zwischen dem 
einstromenden Gas und dem ausstromenden 

25 Gas des Katalysators (6) und zum Berechnen 

des AusmaBes der Zersetzung des Katalysa- 
tors (6) auf der Basis einer Differenz zwischen 
der erfaBten laufenden Temperatur-Differenz 
und der Referenz-Temperatur- Differenz um- 

30 faBt. 

12. System zur Reinigung von Abgasen fur eine 
Brennkraftmaschine mit innerer Verbrennung 
nach Anspruch 1 1 , wobei das Mittel zum Stei- 

35 gern der Menge der Kohlenwasserstoffe, die 

dem Katalysator (6) zugefuhrt werden, ein Mit- 
tel zur Berechnung einer Ziel-Kohlenwasser- 
stoff-Konzentration auf Basis des berechneten 
AusmaBes der Zersetzung des Katalysators 

40 (6) umfaBt, so daB die Ziel-Kohlenwasserstoff- 

Konzentration umso groBer ist, je groBer das 
berechnete AusmaB der Zersetzung des Kata- 
lysators (6) ist. 

45 13. System zur Reinigung von Abgasen fur eine 
Brennkraftmaschine mit innerer Verbrennung 
nach Anspruch 11, weiters umfassend: ein Mit- 
tel zur Veranderung der Temperatur des Kata- 
lysators, urn einen oberen und einen unteren 

so Grenzwert eines Ziel-Katalysator-Temperatur- 

Bereiches auf der Basis des berechneten Aus- 
maBes der Zersetzung des Katalysators (6) zu 
berechnen, so daB der obere und der untere 
Grenzwert des Ziel-Katalysator-Temperatur-Be- 

55 reiches umso groBer sind, je groBer das be- 

rechnete AusmaB der Zersetzung des Kataly- 
sators (6) ist. 
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14. System zur Reinigung von Abgasen fOr eine 
Brennkraftmaschine mit innerer Verbrennung, 
umfassend: 

eine Brennkraftmaschine mit innerer Ver- 
brennung (2), die dazu geeignet ist, Kraftstoff 
bei mageren Kraftstoff-Luft-Verhaltnissen zu 
verbrennen und die eine Abgasleitung (4) auf- 
weist; 

einen Katalysator (6), der in der Abgaslei- 
tung (4) des Motors (2) angeordnet ist und der 
aus Zeolit aufgebaut ist, wobei der Katalysator 
mindestens ein Metall tragt, das aus der Grup- 
pe ausgewahlt ist, die aus den Obergangsme- 
tallen und den Edelmetallen besteht, urn Stick- 
oxide, die in dem Abgas des Motors (2) enthal- 
ten sind, unter Bedingungen von oxydieren- 
dem Gas und in der Gegenwart von Kohlen- 
wasserstoffen zu reduzieren; 

ein Mittel zur Bestimmung der Zersetzung 
des Katalysators (6); und 

ein Mittel zur Veranderung einer Tempera- 
tur des Katalysators zu einer hoheren Seite 
hin, wenn das Mittel zur Bestimmung der Zer- 
setzung des Katalysators bestimmt, daB sich 
der Katalysator (6) zersetzt hat. 

15. System zur Reinigung von Abgasen fur eine 
Brennkraftmaschine mit innerer Verbrennung 
nach Anspruch 14, weiters umfassend eine 
Steuer-Vorrichtung (8) fur die Temperatur des 
Abgases, die in einem Abschnitt der Abgaslei- 
tung (4) stromaufwarts des Katalysators (6) 
angeordnet ist. 

16. System zur Reinigung von Abgasen fur eine 
Brennkraftmaschine mit innerer Verbrennung 
nach Anspruch 14, weiters umfassend eine 
Vorrichtung zur Zufuhr von Kohlenwasserstof- 
fen, die eine Kohlenwasserstoff-Quelle (12), ei- 
nen Kohlenwasserstoff-Zufuhr-AnschluB (14) 
zum Einfuhren der Kohienwasserstoffe von der 
Kohlenwasserstoff-Quelle (14) in einen Ab- 
schnitt der Abgasleitung (4) stromaufwarts des 
Katalysators (6) und ein Steuer-Ventil (16) um- 
faBt, das in einer Leitung vorgesehen ist, die 
die Kohlenwasserstoff-Quelle (12) und die Koh- 
lenwasserstoff-Zufuhr-Offnung (14) miteinander 
verbindet, urn die Menge der Kohienwasser- 
stoffe zu steuern, die in die Abgasleitung (4) 
gefUhrt werden. 

17. System zur Reinigung von Abgasen fUr eine 
Brennkraftmaschine mit innerer Verbrennung 
nach Anspruch 14, weiters umfassend: 

einen ersten Temperatur-Sensor (24) fur 
das Abgas, der in einem Abschnitt der Abgas- 
leitung (4) stromaufwarts des Katalysators (6) 
angeordnet ist; 



einen zweiten Temperatur-Sensor (20) fUr 
das Abgas, der in einem Abschnitt der Abgas- 
leitung (4) stromabwarts des Katalysators (6) 
angeordnet ist; und 
5 einen NOx-Sensor (22), der in einem Ab- 

schnitt der Abgasleitung (4) stromabwarts des 
Katalysators (6) angeordnet ist. 

18. System zur Reinigung von Abgasen fGr eine 
w Brennkraftmaschine mit innerer Verbrennung 

nach Anspruch 14, wobei das Mittel zur Be- 
stimmung der Zersetzung des Katalysators ein 
Mittel zur Bestimmung der Zersetzung des Ka- 
talysators (6) auf Basis einer Gesamtfahrstrek- 
75 ke eines Kraftfahrzeuges umfaBt, in dem der 

Motor (2) eingebaut ist. 

19. System zur Reinigung von Abgasen fGr eine 
Brennkraftmaschine mit innerer Verbrennung 

20 nach Anspruch 14, wobei das Mittel zur Be- 

stimmung der Zersetzung des Katalysators (6) 
Mittel zur Abanderung eines Referenz-NOx- 
Wertes durch eine laufend erfaBte NOx-Menge 
und zum Speichern des abgeanderten Refe- 

25 renz-NOx-Wertes umfaBt, bis die Gesamtfahr- 

strecke eines Kraftfahrzeugs, in das der Motor 
eingebaut ist, letztiich einen vorbestimmten 
Wert erreicht, sowie Mittel zur Berechnung ei- 
ner NOx-Wert-Differenz zwischen einer laufend 

30 erfaBten NOx-Menge und dem gespeicherten 

Referenz-NOx-Wert, urn ein AusmaB der Zer- 
setzung des Katalysators (6) auf Basis der 
NOx-Wert-Differenz zu bestimmen. 

35 20. System zur Reinigung von Abgasen fur eine 
Brennkraftmaschine mit innerer Verbrennung 
nach Anspruch 14, wobei die Steuervorrichtung 
fur die Abgas-Temperatur eine Luftpumpe 
(34), eine Luft-Duse (26) zum Ausblasen von 

40 Luft von der Luftpumpe (34) zu einem Behal- 

ter-Gehause, das den Katalysator (6) in seinem 
Inneren aufnimmt, sowie ein Steuer-Ventil (28) 
umfaBt, das in einer Luft-Leitung vorgesehen 
ist, die die Luftpumpe (34) und die Luft-Duse 

45 (26) miteinander verbindet. 

21. System zur Reinigung von Abgasen fur eine 
Brennkraftmaschine mit innerer Verbrennung 
nach Anspruch 20, wobei das Mittel zur Be- 

50 stimmung der Zersetzung des Katalysators (6) 

ein Mittel umfaBt, das bestimmt, daB sich der 
Katalysator (6) zersetzt hat, wenn eine Tempe- 
raturdifferenz zwischen dem einstromenden 
Gas und dem ausstromenden Gas des Kataly- 

55 sators (6) einen vorbestimmten Wert uber- 

steigt. 
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22. System zur Reinigung von Abgasen fUr eine 
Brennkraftmaschine mit innerer Verbrennung 
nach Anspruch 21, wobei das Mittel zur Be- 
stimmung der Zersetzung des Katalysators (6) 
ein Mittel zum SchlieBen des Steuer-Ventils 
(28) umfaBt. wenn das Mitte! zur Bestimmung 
der Zersetzung des Katalysators bestimmt, daB 
sich der Katalysator (6) zersetzt hat. 

Revendications 

1. Systeme de purification des gaz d'Schappe- 
ment pour moteur h combustion interne, com- 
prenant : 

- un moteur a combustion interne (2) pou- 
vant brOler un carburant & des rapports 
air-carburant pauvres et ayant une 
conduite d'echappement (4); 

- un catalyseur (6) monte dans la conduite 
d'echappement (4) du moteur (2) et 
constitue de zeolite, ledit catalyseur sup- 
portant au moins un metal choisi dans le 
groupe constitue des metaux de transi- 
tion et des metaux nobles pour reduire 
les oxydes d 'azote incorpores dans les 
gaz d'echappement provenant du moteur 
(2) dans des conditions de gaz oxydants 
et en presence d'hydrocarbures; 

- un moyen pour determiner la degrada- 
tion du catalyseur (6); et 

- un moyen pour augmenter la quantite 
des hydrocarbures fournie au catalyseur 
(6) lorsque le moyen permettant de de- 
terminer la degradation du catalyseur de- 
termine le fait que le catalyseur (6) s'est 
degrade. 

2. Systeme de purification des gaz d'echappe- 
ment pour moteur a combustion interne selon 
la revendication 1, comportant en outre un 
dispositif de commande de la temperature des 
gaz d'echappement (8) monte dans une partie 
de la conduite d'echappement (4) en amont du 
catalyseur (6). 

3. Systeme de purification des gaz d'echappe- 
ment pour moteur a combustion interne selon 
la revendication 1, et comportant en outre un 
dispositif d'alimentation en hydrocarbures qui 
comporte une source d'hydrocarbures (12), un 
orifice d'alimentation en hydrocarbures (14) 
pour introduire les hydrocarbures & parti r de la 
source d'hydrocarbures (14) dans une partie 
de la conduite d'echappement (4) en amont du 
catalyseur (6), et une soupape de commande 
(16), instaliee dans un conduit reliant la source 
d'hydrocarbures (12) a I'orifice d'alimentation 
en hydrocarbures (14), afin de commander la 



quantite des hydrocarbures fournie & la 
conduite d'echappement (4). 

4. Systeme de purification des gaz d'echappe- 
5 ment pour moteur a combustion interne selon 

la revendication 1, comportant en outre : 

- un premier capteur de la temperature 
des gaz d'echappement (24) monte dans 
une partie de la conduite d'echappement 

70 (4) en amont du catalyseur (6); 

- un second capteur de la temperature des 
gaz d'echappement (20) monte dans une 
partie de la conduite d'echappement (4) 
en aval du catalyseur (6); et 

75 - un capteur de NOx (22) monte dans la 

partie de la conduite de gaz d'echappe- 
ment (4) situee en aval du catalyseur (6). 

5. Systeme de purification des gaz d'echappe- 
20 ment pour moteur h combustion interne selon 

la revendication 1, dans lequel le moyen per- 
mettant de determiner la degradation du cata- 
lyseur comprend un moyen pour determiner la 
degradation du catalyseur (6) sur la base de la 
25 distance parcourue cumuiee de I'automobile 

dans laquelle le moteur (2) est monte. 

6. Systeme de purification des gaz d'echappe- 
ment pour moteur & combustion interne selon 

30 la revendication 5, dans lequel le moyen per- 

mettant d'augmenter la quantite des hydrocar- 
bures comporte un moyen pour calculer la 
quantite objet des hydrocarbures h fournir au 
catalyseur (6) d'une fagon telle que, plus la 

35 distance parcourue cumuiee est grande, plus 

la quantite objet des hydrocarbures a fournir 
au catalyseur (6) est e levee. 

7. Systeme de purification des gaz d'echappe- 
40 ment pour moteur a combustion interne selon 

la revendication 5, comportant en outre un 
moyen pour changer la temperature du cataly- 
seur afin de calculer des limites superieure et 
interieure d'une gamme objet de la temperatu- 
45 re du catalyseur de fagon que plus le cataly- 

seur (6) s'est degrade, plus les limites supe- 
rieure et inferieure de la gamme objet de la 
temperature du catalyseur sont eievees. 

so 8. Systeme de purification des gaz d'echappe- 
ment pour moteur k combustion interne selon 
la revendication 1, dans lequel le moyen pour 
determiner la degradation du catalyseur (6) 
comporte un moyen pour modifier une valeur 

55 de reference pour les NOx par une quantite 

courante detectee des NOx et pour memoriser 
la valeur de reference modifiee des NOx jus- 
qu'& ce que la distance parcourue cumuiee de 

14 
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('automobile dans laquelle le moteur est monte 
atteigne finalement une valeur determinee, et 
un moyen pour calculer une difference de va- 
leur des NOx entre une quantite courante d£- 
tectee des NOx et la valeur de reference me- 
moris£e des NOx afin de determiner I'etendue 
de la degradation du catalyseur (6) sur la base 
de la difference des valeurs des NOx. 

9. Systeme de purification des gaz d'echappe- 
ment pour moteur a combustion interne selon 
la revendication 8, dans lequel le moyen per- 
mettant d'augmenter la quantity des hydrocar- 
bures fournie au catalyseur (6) comporte un 
moyen pour calculer une concentration objet 
en hydrocarbures sur ia base de la difference 
calculee des valeurs des NOx, de fagon que 
plus la difference calcuiee des valeurs des 
NOx est grande, plus la concentration objet 
des hydrocarbures est eievee. 

10. Systeme de purification des gaz d'echappe- 
ment pour moteur a combustion interne selon 
la revendication 8, comportant en outre un 
moyen pour calculer un facteur de modification 
de la temperature du catalyseur sur la base de 
la difference calcuiee des valeurs des NOx de 
fagon que plus la difference calcuiee des va- 
leurs des NOx est grande, plus le facteur de 
modification de la temperature du catalyseur 
est eieve, et un moyen pour commander une 
temperature objet des gaz d'echappement sur 
la base du facteur calcuie de la modification 
de la temperature du catalyseur de fagon que 
plus le facteur calcuie de la modification de la 
temperature du catalyseur est eieve, plus la 
temperature objet des gaz d'echappement est 
haute. 

11. Systeme de purification des gaz d'echappe- 
ment pour moteur a combustion interne selon 
la revendication 1, dans lequel le moyen per- 
mettant de determiner la degradation du cata- 
lyseur (6) comporte un moyen pour calculer 
une difference de temperatures de reference 
entre les gaz d'entree et les gaz de sortie du 
catalyseur (6) a retat non degrade dans une 
mappe, charge du moteur en fonction de la 
vitesse du moteur, pour detector une differen- 
ce de temperature courante entre les gaz d'en- 
tree et les gaz de sortie du catalyseur (6), et 
pour calculer I'etendue de la degradation du 
catalyseur (6) sur la base de la difference 
entre la difference courante detectee des tem- 
peratures et la difference des temperatures de 
reference. 



12. Systeme de purification des gaz d'echappe- 
ment pour moteur k combustion interne selon 
la revendication 1 1 , dans lequel le moyen per- 
mettant d'augmenter la quantite des hydrocar- 

5 bures fournie au catalyseur (6) comporte un 

moyen pour calculer une concentration objet 
des hydrocarbures sur la base de I'etendue 
calcuiee de la degradation du catalyseur (6) de 
fagon que, plus I'etendue calculee de la degra- 

10 dation du catalyseur (6) est grande, plus la 
concentration objet des hydrocarbures est eie- 
vee. 

13. Systeme de purification des gaz d'echappe- 
75 ment d'un moteur a combustion interne selon 

la revendication 11, comportant en outre un 
moyen pour changer la temperature du cataly- 
seur afin de calculer des limites superieure et 
inferieure d'une gamme objet de temperature 

20 du catalyseur sur la base de I'etendue calcuiee 
de la degradation du catalyseur (6) de fagon 
que plus I'etendue calcuiee de la degradation 
du catalyseur (6) est eievee, plus les limites 
superieure et inferieure de la gamme objet de 

25 la temperature du catalyseur sont grandes. 

14. Systeme de purification des gaz d'echappe- 
ment pour moteur a combustion interne, com- 
prenant : 

30 - un moteur a combustion interne (2) pou- 

vant brOler un carburant & des rapports 
entre air et carburant pauvres et ayant 
une conduite d'echappement (4); 

- un catalyseur (6) monte dans la conduite 
35 d'echappement (4) du moteur (2) et 

construit en zeolite, ledit catalyseur por- 
tant au moins un metal choisi dans le 
groupe constitue des metaux de transi- 
tion et des metaux nobles pour reduire 
40 les oxydes d'azote inclus dans les gaz 

d'echappement du moteur dans des 
conditions de gaz oxydants et en presen- 
ce d'hydrocarbures; 

- un moyen pour determiner la degrada- 
45 tion du catalyseur (6); et 

- un moyen pour changer la temperature 
du catalyseur et la faire passer au cote 
des hautes temperatures lorsque le 
moyen permettant de determiner la de- 

50 gradation du catalyseur (6) procede & la ■ 

determination du fait que le catalyseur 
(6) s'est degrade. 

15. Systeme de purification des gaz d'echappe- 
55 ment pour moteur & combustion interne selon 

la revendication 14, comportant en outre un 
dispositif de commande de la temperature des 
gaz d'echappement (8) monte dans une partie 
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de la conduite d'echappement (4) en amont du 
catalyseur (6). 



(4) situee en amont du catalyseur (6); 

- un second capteur de la temperature des 
gaz d'echappement (20) monte dans une 
partie de la conduite d'echappement (4) 
place e en aval du catalyseur (6); et 

- un capteur de NOx (22) monte* dans la 
partie de la conduite des gaz d'echappe- 
ment (4) se trouvant en aval du cataly- 
seur (6). 



courante des NOx et la valeur de reference 
memorlsee des NOx afin de determiner Teten- 
due de la degradation du catalyseur (6) sur la 
base de la difference des valeurs des NOx. 

20. Systeme de purification des gaz d'echappe- 
ment pour moteur a combustion interne selon 
la revendication 14, dans lequel le dispositif de 
commando de la temperature des gaz 
d'echappement comporte une pompe a air 
(34), un ajutage d'air (26) pour injecter de I'air 
a partir de la pompe a air (34) dans le boitier 
d'un convertisseur renfermant le catalyseur (6), 
et une soupape de commando (28) mont£e 
dans un conduit d'air reliant la pompe a air 
(34) a Tajutage d'air (26). 

21. Systeme de purification des gaz d'echappe- 
ment pour moteur a combustion interne selon 
la revendication 20, dans lequel le moyen per- 
mettant de determiner la degradation du cata- 
lyseur (6) comporte un moyen qui determine le 
fait que le catalyseur (6) s'est degrade lorsque 
la difference de temperature entre les gaz 
d'entr£e et les gaz de sortie du catalyseur (6) 
depasse une valeur d£terminee. 

22. Systeme de purification des gaz d'echappe- 
ment pour moteur a combustion interne selon 

30 la revendication 21, dans lequel le moyen per- 

mettant de changer la temperature du cataly- 
seur comporte un moyen pour former la sou- 
pape de commande (28) lorsque le moyen 
permettant de determiner la degradation du 
35 catalyseur (6) determine le fait que le cataly- 

seur (6) s'est degrade. 



18. Systeme de purification des gaz d'echappe- 
ment pour moteur a combustion interne selon 
la revendication 14, dans lequel le moyen per- 
mettant de determiner la degradation du cata- 
lyseur (6) comprend un moyen pour determi- 40 
ner la degradation du catalyseur (6) sur la 
base de la distance parcourue cumuiee de 
I'automobile dans laquelle le moteur (2) est 
monte. 

45 

19. Systeme de purification des gaz d'echappe- 
ment pour moteur a combustion interne selon 
la revendication 14, dans lequel le moyen per- 
mettant de determiner la degradation du cata- 
lyseur (6) comprend un moyen pour modifier so 
une valeur de reference des NOx par une 
quantite detectee courante des NOx et pour 
memoriser la valeur de reference modifiee des 
NOx jusqu'a ce que la distance parcourue 
cumuiee de I'automobile dans laquelle le mo- 55 
teur (6) est monte atteigne une valeur determi- 

nee, et un moyen pour calculer une difference 
de valeur des NOx entre une quantite detectee 



16. Systeme de purification des gaz d'echappe- 
ment pour moteur a combustion interne selon s 
la revendication 14, comportant en outre un 
dispositif d'alimentation en hydrocarbures qui 
comporte une source d'hydrocarbures (12), un 
orifice d'alimentation en hydrocarbures (14) 
pour introduire les hydrocarbures a partir de la to 
source d'hydrocarbures (12) dans une partie 
de la conduite d'echappement (4) situee en 
amont du catalyseur (6), et une soupape de 
commande (16), instate dans un conduit re- 
liant la source d'hydrocarbures (12) et I'orifice 75 
d'alimentation en hydrocarbures (14), afin de 
commander la quantite des hydrocarbures 
fournie a la conduite d'echappement (4). 

17. Systeme de purification des gaz d'echappe- 20 
ment pour moteur a combustion interne selon 
la revendication 14, comportant en outre : 

- un premier capteur de la temperature 
des gaz d'echappement (24) monte dans 
une partie de la conduite d'echappement 25 
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